t,-A population of 1127 men with penetrating craniocerebral injuries who were alive 1 week after their injuries has been followed for | 5 years. During this time, 90 deaths (8%) occurred. Most of the deaths occurred early in the 1st year after trauma and were secondary to the direct effects of brain injury or the sequelae of coma. Complications, particularly infections, were significant mortality factors. Coma was the best prognostic guideline. Posttraumatic epilepsy was not related to mortality except for the risks accompanying each ictus.
S
INCE antiquity, head wounds have been considered the most lethal injuries. The Vietnam War further established this premise, as 40% of American casualties dying in the field had sustained a head injury. 5's Resuscitation in the field by paramedical personnel, rapid transportation by helicopter to definitive medical facilities, the bountiful supply of whole blood, and the sophistication of the care rendered by these facilities contributed to an improved survival rate for Vietnam combat casualties. 7'11 Less than 3% of all casualties admitted to hospital facilities died; 75% of these hospital deaths occurred within 5 days, and 40% were due to head injuries. 1 These deaths included "expectant" triaged patients and early postoperative neurosurgical fatalities. The neurosurgical postoperative mortality rate was 8% to 10%. 2, 6 Many of these hospital deaths would have been field fatalities in previous wars. The population of survivors is also characterized by men surviving injuries much more devastating than in previous wars. This fact must be respected when attempting comparison of population studies from Vietnam and previous wars. Our research group may not have taken this into proper account in earlier publications in stating that there had been no improvement in the rates of posttraumatic epilespy from World War I, World War II, Korea, and Vietnam. 3 The survivors in our study population are unique, having more morbidity and neurological deficits than previously studied groups.
The present study analyzes the mortality in patients with penetrating craniocerebral injury who survived beyond the 1st week following injury.
Clinical Material and Methods
Neurosurgeons in Vietnam compiled a roster of headinjured men by completing registry forms delineating the initial neurological status, details of injury, surgical treatment, and acute course for each patient. These forms were sent to a central repository (National Institutes of Health, Bethesda, Maryland) for processing and storage (see Appendix).
The priorities of the acute medical situation and the concept of the registry as a follow-up system precluded the indexing of triage and early postoperative deaths, but a roster of survivors was compiled for morbidity and mortality studies. The complete medical records of over 1200 men with penetrating craniocerebral injuries were assembled by the medical follow-up agency of the National Research Council for review by a team of neurologists and neurosurgeons. The pertinent data were abstracted and stored on magnetic tape. This ical and Communicative Disorders and Stroke. This is a population of previously healthy men of similar age from the United States serving in the military at the time of injury. Fifteen years after their injury a field study was conducted in preparation for a clinical reevaluation of this population, and mortality data were compiled on 1127 patients with penetrating craniocerebral injuries.
Results

Death Rate and Time Profile
Over a 15-year period, of the 1127 men with penetrating craniocerebral injuries who were alive 1 week after injury, 90 (8%) have died (Table 1) . Forty-six deaths occurred in the 1st year after trauma, with a predominance (32) occurring in the first 3 months. Half of these early deaths (16) were in the 1st month following injury (Fig. 1) . Nine deaths occurred during the 2nd year after injury, and following the 2nd year the deaths have occurred at a relatively steady rate of one to four per year (Fig. 2) . Analysis of previous war casualties over longer periods of time have suggested that victims of penetrating craniocerebral injuries carry an effect on their overall life expectancy. ~4-~6 Figure 2 plots our population against actuarial data for a North American male of comparable age? Our population has approached the norm but whether this will persist into later life remains to be seen.
Causes of Death
In the 2nd, 3rd, and 4th weeks following injury, a total of 16 deaths occurred, with the incidence evenly distributed. Nine of these were due to the cerebral injury and six were associated with intracranial infection. Three of the deaths in the 1 st month were directly due to extracranial injuries or sepsis from these injuries. One fatal pulmonary embolus occurred in the 3rd week.
Of the 32 deaths occurring in the first 3 months following injury, 22 were directly attributable to the neurological injury (Table 2 ). Within this group there were three deaths caused by pulmonary emboli and 15 caused by intracranial infection, including 11 brain abscesses. Five of the eight deaths due to extracranial associated injuries or sepsis related to these injuries occurred in the first 2 months. Death after the first 2 months was usually related to the systemic septic sequelae of chronic coma (Table 2 ). Six deaths in this category were attributable to brain abscesses. These sequelae of persistent coma accounted for 23 deaths. The concentration of deaths in the 1 st year is attributed to the severe morbidity seen in this population.
After the 2nd year the death rate was one to four per year from causes similar to their civilian counterparts, except that deaths continued to occur in our study group due to brain abscess and chronic coma sequelae as late as the 13th year (Table 3) . Five deaths were associated with a seizure, and occurred between the 2nd and the 10th years following injury. This is discussed further in the section on posttraumatic epilepsy.
Traffic fatalities, a phenomenon of our society, ac- counted for 11 deaths, at the rate of one to three per year. This does not significantly exceed the projected traffic fatality rate for a similar population of North American males. 4 Other causes of death included suicide, homicide, and medical conditions (neoplasms, coronary artery disease, and diabetes). None of these appears in excess despite implications that this population may be more prone to psychiatric disorders and suicide than their counterparts in the general population.
Deaths Related to Features of the Injury
Mechanism of Injury. Of 203 casualties who had sustained gunshot wounds, 27 (13.3%) died (Table 1) . This fatality rate is significantly higher than the 6.8% death rate following penetrating fragment injuries (p < 0.01). This reflects the more devastating extent of neurological injury associated with high-velocity penetrating gunshot wounds as well as the previously documented high incidence of severe complications (brain abscess and cerebrospinal fluid (CSF) fistula). 9'~2 Topography and Extent of Injury. There was no difference in the topographical distribution of the injury entry site in those who died and in the total population. This was further tested using a specific topography (namely, facial, orbital, and cranial penetrating injuries). Twelve ( 12.5 %) of 96 patients with facial-orbitalcranial injuries died. This is not significantly different from 83 deaths in 922 patients (9.0%) with vault entry wounds (p > 0.3) ( Table 4) .
The extent of the penetrating craniocerebral injuries of this population was calculated from the surgeon's description following debridement of the original injury, his diagram of the injury on the registry form, and radiographic reports. As in previous publications, the delineations of extent of injury include: skull fracture, single-lobe injury, multiple-lobe injury, missile tracts crossing the midline, and through-and-through perforating injuries. 3,t~ A comparison analysis of the deaths associated with multiple-area injuries (61 of 506 or 12.1%) and through-and-through perforating injuries (12 of 44 or 27.3%) reveals that these more extensive injuries carry a higher risk of mortality (p < 0.001) than the single-area injuries (27 of 470 or 5.7%, Table 4 ). Missile injuries crossing the midline were associated with death in nine (6.3%) of 142 cases compared to 60 (6.8%) of 888 penetrating missile injuries not crossing the midline. 10 The extent of injury related to lobes of a hemisphere correlate with mortality, whereas the single feature of crossing the midline does not.
Neurological Presentation: Coma. Previous work by our study group has shown that the level of con- Further analysis of patients in coma responding only to pain reveals that if the response to pain was a flexion pattern the death rate was 11.8%, but if the response was an extensor or decerebrate pattern the death rate was 36.4% (p < 0.001). Of those in coma not responding initially to any stimuli, 57.1% succumbed. The level of consciousness noted on the last examination prior to death was more revealing. Only 3.3% of those patients who regained their alertness succumbed to their injuries. However, of 32 patients who remained in coma, responding only to pain, 30 died (93.8%). As one would expect, all of the 17 patients (100%) not responding to any stimuli succumbed. In this population 15 years postinjury, only two survivors remain in coma responding only to painful stimuli (Table 5) .
A further substantiation of the validity of the level of consciousness as a predictor of death can be gained by comparing two modalities: coma versus extent of injury. Using an unbiased sample of our study population, a mathematical test of these parameters was conducted by combining the modalities as follows: coma with multiple-lobe injury, coma with no multiple-lobe injury, and multiple-lobe injury but no coma (Table 6 ).
With coma and multiple-lobe injury, there were 35 deaths in 197 patients (17.8%). With coma and no multiple-lobe injury, there were 15 deaths in 105 patients (14.3%) (p > 0.5). It would appear that the multiple-lobe factor has minimal influence on mortality. Comparing patients with coma and multiple-lobe injuries (17.8%) to patients with multiple-lobe injury but no coma (4.9%), the statistical difference is significant (p < 0.001). The level of consciousness at the initial examination after injury, as well as the resolution of the comatose state, are good parameters for prognostication.
The importance of the resolution of the neurological deficit or comatose state, as indicated by the final level of activity attained and requirement of medical care, was analyzed. Of the 1050 patients who gained the level of self care and were discharged home, only 26 died (2.6%). However, of the 80 patients failing to recover and requiring continued care in a medical facility, 67 patients (84%) died.
Posttraumatic Epilepsy. Posttraumatic epilepsy reflects the extent of brain damage and correlates closely with coma. 3 Some reports have related seizures to mortality as well as morbidity; ~4-16 however, the control groups used in these reports do not appear comparable, and indeed our data contradict this premise. Thirty deaths occurred in 378 patients who had posttraumatic seizures (7.9%), and 59 died (8.0%) among the remain- (Table 7) . The frequency of posttraumatic epilepsy is the same (34% ___ 2%) in the three groups: survivors, nonsurvivors, and total population. The time pattern of onset of seizures postinjury also parallels the death rate, with a high incidence in the early months. Seventy percent of seizure cases will manifest in the 1st year while 51% of the deaths are occurring 3 (Fig. 2) . Therefore, posttraumatic epilepsy is not related to mortality per se but is another parameter of the extent of brain damage appearing during the same early period following penetrating head injuries, during which the majority of deaths accumulate. A seizure is not, however, a benign phenomenon. Five patients died during a seizure, two during their first seizure. Therefore, the complication must be prevented and managed by the best care possible.
Complications. Previous reports by our study group have revealed that complications are significant mortality risk factors, and specific complications such as brain abscess are serious harbingers of death. 9'12'13 The mortality rates related to complications are shown in Table 8 . There is an increasing significance beginning with: all postoperative complications, 15.6% (p < 0.001); CSF fistulas, 18% (p < 0.001); intracranial sepsis, 31.4% (p < 0.001); and brain abscess 55.6% (p < 0.001). This reiterates the need for vigilance and completeness in initial debridement as well as followup care of penetrating craniocerebral injuries to preclude the unacceptable mortality rate associated with complications.
Conclusions
1. This population is unlike any previously available for study in that these casualties received immediate resuscitation in the field, followed by rapid helicopter evacuation to excellent definitive-care facilities. This care was the best available in the world at the time and better than that available in any previous war. These factors produced a population of survivors with unique morbidity and mortality statistics.
2. Most deaths following penetrating craniocerebral injuries are concentrated early in the I st year and result from the effects of the injury or the sequelae of coma. After 3 years, this population approached the actuarial level projected for a North American male of similar age.
3. Coma is the best guideline for prognosis. All therapeutic efforts may not produce satisfactory results in patients with decerebrate posturing. A moribund patient with no response to stimuli defies the best of therapeutic efforts.
4. Posttraumatic epilepsy is not a significant mortality factor, but each seizure carries a threat of death.
5. Diligent debridement and excellent follow-up care to preclude complications are mandatory.
6. The survivors beyond 15 years may indeed have a shortened life expectancy that only time will reveal. The purpose of the Registry was to insure uniformity of data collection and to identify cases for present and future studies. The following Army and Navy field surgeons participated in this Registry:
